The prevalence of atrial fibrillation (AF) is estimated to be 1-2% in the general population and up to 15% in people over 80 years, 1,2 but with AF often being asymptomatic and silent such prevalence data could be underestimated. Moreover, an epidemic of AF is expected to occur worldwide in the next few decades due to the ageing of the population 1 raising an urgent need to investigate the mechanisms underlying AF and implement appropriate prevention programmes.
AF is commonly caused by arterial hypertension and ischaemic cardiac disease, and is frequently associated with overweight/obesity. 1 Physical exercise, contrasting weight gain and the development of high blood pressure, is considered an appropriate measure to blunt the cardiovascular risk and, therefore, is currently recommended to both healthy individuals and hypertensive patients. 3 However, evidence has shown that exercise may increase the risk of AF. 4 Is exercise becoming a danger for our health? The answer is surely no. The cardiovascular benefits of physical activity remain indisputable, as supported by the greater healthiness and longer life expectancy of endurance athletes than non-athletes. 5 Nevertheless, strenuous physical exercise, like physical inactivity, may favour the development of AF, indicating an 'ambiguous' effect of exercise that protects the heart at low doses, but damages it at high doses by the activation of specific neuronal and biochemical mechanisms. This is the clear message that Morseth and coworkers send us with their comprehensive review published in the present issue of European Journal of Preventive Cardiolology. 4 The debate on exercise as a risk factor for AF emerged in the late 1990, 6 but only in 2016 two independent groups described a U-shaped association between the physical activity and AF. Morseth et al. found a J-shaped pattern of the relationship between leisure time physical activity and AF in 20,484 adults who were prospectively examined for 20 years in the third Tromsø Study survey. 7 The risk of AF was higher, but not significantly, in vigorously active individuals than in the low activity group, whereas a significantly higher risk was found only when considering the onset of permanent AF. 7 Calvo et al. described a J-shaped relationship between the duration of high-intensity training and AF in 115 cases and 57 controls. 8 The lowest risk of AF (corresponding to the lowest point in the J-shaped curve) was seen in individuals engaged in regular, time limited training, whereas the highest risk of AF was observed in individuals undergoing vigorous endurance sport practice with more than 2000 lifetime-accumulated hours of exercise. Inactive individuals were at intermediate risk of AF. Lifetime-accumulated hours of vigorous activity were found to be the most powerful predictor for AF, suggesting that repeated atrial injury correlates with the arrhythmic substrate.
Since then, a number of studies have investigated the complex relationship between exercise and AF, mostly confirming the role of endurance exercise in AF. Furthermore, a meta-analysis showed that endurance athletes were 5.3 times more likely to develop AF than controls. 9 If compared to the 1.42-fold increase in AF risk conferred by hypertension, 2 the most common underlying risk factor for AF, the risk associated with strenuous exercise is relevant. Hence caution should be exercised before using the term 'lone AF' when AF is detected in individuals performing physical activity.
As reported by Morseth et al., the relationship between exercise and AF is less clear in non-athletes, mostly because of the heterogeneity of methodologies used to assess the intensity of exercise levels. and vigorous activity) 7 to calculation of the number of hours of high-intensity physical exercise, or measurement of energy expenditure as metabolic equivalents of task or as kcal. 4, 7 A consensus focused on methodologies to assess exercise intensity could be helpful for screening exercise-related AF in athletes.
A large part of the review by Morseth and coworkers is devoted to dissecting the mechanisms underlying exercise-related AF. 4 The athlete's heart, which in the view of ordinary people is the heart that efficiently pumps blood to potent muscles allowing demanding physical competitions, can undergo structural and functional changes that may predispose it to arrhythmias. The heart of a trained individual is able to slow down its rate at rest, while increasing it during exercise, perfectly matching the supply to the demands of exercise. However, there is evidence showing that athletes under strenuous conditions can abnormally enhance vagal tone thereby reducing the atrial refractory period and facilitating re-entry, or anomalously activating adrenergic tone, ultimately favouring the onset of atrial or ventricular arrhythmias. 10 The substrate can be represented by atrial enlargement and remodeling, which includes the abnormal deposition of collagen and inflammation. Hence an emerging concept is that the athlete's heart may be proarrhythmic, 11 independently of genetic structural and electrical abnormalities. 11 The recently discovered syndrome paroxysmal AF in young and middle-aged athletes (PAFIYAMA) reminds us that the athlete's heart can be prone to AF. 12 Several mechanisms underlying the development of AF in athletes share similarities with those caused by arterial hypertension, the most common risk factor of AF.
2 They include changes in ion channels in pacemaker cells, abnormalities in calcium-handling proteins, 4 ,12 loss of cell junctions and deposition of collagen, presumably triggered by increased atrial wall thickness. 2 Of note, plasma aldosterone levels increase after exercise in endurance-trained runners to maintain fluid and ion balance. 13, 14 Whether aldosterone, a mediator of fibrosis and AF, 15 contributes to create a proarrhythmic substrate in endurance athletes is unknown.
The protective mechanisms against AF associated with light to moderate physical activity remain unclear. 4 The reduction of AF risk could be associated with improved diastolic and systolic function, and/or lower arterial stiffness. Exercise was found to induce higher cardiorespiratory fitness in young adults 16 and also to improve the cardiometabolic risk factor profile, lower sympathetic drive and favourable changes in cardiac structure and function in overweight/obese patients. 17 The need for further studies aimed at better clarifying the protective mechanisms against AF has been claimed by Morseth et al. 4 Another intriguing issue discussed by Morseth et al. 4 in their review is that exercise exerts its beneficial effects for years. A Finnish study examining 2037 former male elite athletes and 1403 controls showed that exercise protected former elite athletes from hypertension in later life. 18 However, the protection was not seen in some categories of athletes, such as in professional American-style football players, in whom a high prevalence of arterial hypertension, concentric left ventricular hypertrophy and premature cardiovascular mortality was found. [19] [20] [21] A family history of hypertension was an independent predictor of hypertension, as well as weight gain and lineman field position, suggesting that the cardiovascular risk is higher in specific subsets of athletes, particularly if they have genetic substrate. Moreover, a not negligible percentage (38%) of endurance athletes was found to have masked hypertension associated with lower diastolic function. 22 As arterial hypertension is the most common risk factor for AF, 2 we think that, in addition to the risk factors reported in Morseth and coworkers' review, 4 masked hypertension should also be systematically searched for in both professional and non-professional athletes.
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